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ENZYMATIC MODIFICATION OF LECITHIN 

FIELD OF THE INVENTION 

[0001] The invention pertains to enzymatic modification of lecithin and to 
hydrolyzed lecithin products obtained by such modification. 
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BACKGROUND OF THE INVENTION 

[0026] Lecithins and modified lecithins are widely used in the food and 
pharmaceutical industries as digestible solubilizers and emulsifiers. Lecithins are obtained 
from various animal or vegetable sources, such as soybeans or egg yolk, and comprise a 
mixture of phospholipids and triglycerides, as well as lesser amounts of compounds such 
as glycolipids, carbohydrates, fatty acids, and/or sterols. 
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[0027] Partial hydrolysis of phospholipids in lecithins has been found to improve 
emulsifying properties. This modification is most commonly effected by treatment of 
lecithin with phospholipase A1 and/or A2, which selectively hydroiyze the first or second 
glyceryl fatty acid, respectively, of phospholipids. 

[0028] Addition of mono- and diglycerides to lecithins or partially hydrolyzed 
lecithins has also been found to improve properties in end products, such as antisplattering 
properties in margarines or baking characteristics in flour. Currently, such products are 
prepared by adding such mono- and diglycerides to lecithins or partially hydrolyzed 
lecithins. It would be useful to directly prepare such products, in a controlled manner, by 
enzymatic hydrolysis of lecithin. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] I. Overview 

[0030] The invention provides, in one aspect, methods for producing a hydrolyzed 
lecithin product, containing hydrolyzed phospholipids, monoglycerides, and diglycerides. 
One such method is a two-enzyme method comprising the steps of: 

(a) contacting a lecithin material, comprising a phospholipid component and a 
triglyceride component, in an aqueous or organic solvent medium, with a first enzyme 
effective to hydroiyze the phospholipid; and 

(b) subsequently contacting the product of step (a) with a second enzyme, 
effective to hydroiyze the triglyceride; 

under reaction conditions effective to inhibit esterificatlon of the hydrolyzed 
phospholipid with released fatty acids. 

[0031] The solvent medium may be either an aqueous medium, i.e. consisting 
primarily of water, or an organic solvent medium, comprising an aprotic organic solvent. 
The organic solvent is preferably a hydrocarbon solvent. In this case, the lecithin starting 
material is preferably a retentate from a vegetable oil membrane degumming process, as 
described further below. 
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[0032] In a related two-enzyme process, the method comprises: 

contacting a lecithin material, comprising a phospholipid component and a 
triglyceride component, in an aprotic organic solvent, with a first enzyme effective to 
hydrolyze the phospholipid, and a second enzyme effective to hydrolyze the triglyceride, 
under conditions effective to inhibit esterification of the hydrolyzed phospholipid with 
released fatty acids. In this process, the lecithin material may be contacted with the first 
and second enzymes simultaneously, or they may be added in sequence, such that the 
lecithin material is contacted with the first enzyme and subsequently contacted with the 
second enzyme. In the latter case, the isolated reaction product of the first enzyme 
reaction may be contacted with the second enzyme. 

[0033] In the above processes, the first enzyme is, preferably, a phospholipase, or 
it may be a phospholipid reactive lipase. Preferred phospholipases include phospholipase 
A1 and/or A2, particularly phospholipase A2. In other embodiments, the phospholipase is 
phospholipase D. In the latter case, a preferred process includes, prior to reaction with the 
second enzyme (lipase), contacting the reaction product of the phospholipase D reaction 
with phospholipase A1 and/or A2, preferably phospholipase A2. 

[0034] The second enzyme, which in all cases is different from the first enzyme, is 
a lipase. This lipase is preferably effective to selectively hydrolyze the triglyceride, as 
defined herein, under the given reaction conditions. 

[0035] The invention also provides, in a further aspect, a single-enzyme method 
for producing a hydrolyzed lecithin product which contains phospholipids, monoglycerides, 
and diglycerides, and may also include triglycerides. Such a method comprises contacting 
a lecithin material as defined herein, comprising a phospholipid component and a 
triglyceride component, with a lipase which is effective to selectively hydrolyze the 
triglyceride. This process is directed to selective hydrolysis of the triglyceride component 
of the lecithin starting material, and preferably minimizes hydrolysis of the phospholipid 
component. Accordingly, no phospholipase is present. 
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[0036] As above, the solvent medium may be either an aqueous medium, i.e. 
consisting primarily of water, or an organic solvent medium, comprising an aprotic organic 
solvent. The organic solvent is preferably a hydrocarbon solvent. In this case, the lecithin 
starting material is preferably a retentate from a vegetable oil membrane degumming 
process, as described further below. 

[0037] In selected embodiments of the above processes, particularly in reactions 
employing an organic solvent medium, the process is carried out in the presence of a 
membrane effective to separate phospholipids, hydrolyzed phospholipids, monoglycerides, 
diglycerides and triglycerides from released fatty acids; 

[0038] The hydrolyzed lecithin product of the above processes preferably 
comprises at least 56%, more preferably at least 60%, acetone insoluble materials, and 
has an acid value of less than 45 mg KOH/gram. 

[0039] In another aspect, the invention provides a hydrolyzed lecithin product, 
containing phospholipids and/or hydrolyzed phospholipids, monoglycerides, and 
diglycerides. The product may also contain triglycerides. The product comprises at least 
56%, preferably at least 60%, acetone insoluble materials, and has an acid value of less 
than 45 mg KOH/gram. Preferably, it contains at least 15%, more preferably at least 30% 
by weight mono/diglycerides. The hydrolyzed lecithin product can be produced by any of 
the above described processes of the invention, followed by removal or deactivation of 
enzymes and removal of solvent. Preferably, the product is produced by a method 
employing first and second enzymes as described above. 

[0040] Preferably, the hydrolyzed lecithin product of the invention consists 
essentially of components of the lecithin starting material of the above processes and 
hydrolyzed substances which are obtained from the lecithin starting material by reaction of 
the above-described enzymes. 

[0041] II. Processes for Enzvmatic Modification of Lecithin 
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[0042] The invention provides methods for producing a hydrolyzed lecithin 
product, where the components of the product include phospholipids and/or hydrolyzed 
phospholipids, monoglycerides, and diglycerides (the last two components referred to 
jointly as mono/diglycerides). Typically, the product includes unhydrolyzed phospholipids 
and triglycerides. The hydrolyzed phospholipids are typically lysophospholipids, and may 
also include phosphatidic acid and/or lysophosphatidic acid. 

[0043] In accordance with the Invention, the hydrolyzed lecithin product Is 
produced directly by enzymatic treatment of lecithin, without the need for separate addition 
of any of the above named components. In preferred embodiments, the process produces 
a hydrolyzed lecithin product comprising at least 56%, and more preferably at least 60%, 
acetone insoluble materials (i.e. phospholipids and/or hydrolyzed phospholipids) and 
having an acid value of less than 45 mg KOH/gram. 

[0044] The process employs a lecithin starting material having a phospholipid 
component (preferably at least 50%, and more preferably at least 60%, by weight) and a 
triglyceride component. Commercially produced lecithins In general fit this description. As 
used herein, a "lecithin material" or "lecithin starting material" refers to a lecithin derived 
from a naturally occurring material, such as egg yolk or vegetable oil, e.g. soybean oil, 
using conventional processing methods, such as described below. The lecithin starting 
material may include a solvent. 

[0045] Commercial lecithins are most commonly produced from processing of 
crude soybean oil. In a typical process, soybeans are dehulled and extracted with hexane 
to produce an extractant (miscella) which includes hexane and crude soybean oil. The 
crude soybean oil contains, as a major component, glyceride oil. In addition to 
phospholipids, sugars, sterols, sterol glucosides, fatty acids, and other components in 
minor amounts. The phospholipids are solubillzed in the hexane solvent by the formation 
of large micellar aggregates. 
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[0046] Phospholipids are separated from the majority of the glyceride oil in the 
miscella in a process known as "degumming". In conventional water degumming, this is 
generally done by removing the hexane solvent, hydrating the phospholipids with hot water 
or steam, which renders them insoluble in hexane. and centrifuging. Removal of some or 
all of the water gives a crude lecithin material, typically containing about 60-65% 
phospholipids (acetone insolubles), with the remainder primarily glycerides, and minor 
amounts of other components, such as sugars, sterol glucosides, and/or fatty acids. 

[0047] More recently, methods have been developed for membrane degumming of 
soybean oil; see, for example, Jirjis et aL, U.S. Patent No. 6,207,209. In a preferred 
embodiment of the invention, the lecithin starting material is provided by such a process. 
In membrane degumming, a vegetable oil miscella in a hydrocarbon solvent is fed to a 
membrane, producing a permeate stream which is depleted in phospholipids and a 
retentate stream which is enriched in phospholipids, relative to the phospholipid content of 
the miscella. The retentate is essentially a lecithin solution in the processing solvent, which 
is typically hexane. This retentate can be used as a starting material in the present 
processes. The phospholipid content of such a retentate can be up to about 85% (Jirjis et 
aL, 2003), and it generally contains fewer impurities than lecithins obtained via water 
degumming. 

[0048] In the two-enzyme process of the invention, a phospholipase (or a 
phospholipid reactive lipase) is used to hydrolyze phospholipids in the lecithin starting 
material to lysophospholipids and/or phosphatidic acids, and a separate lipase is used to 
hydrolyze triglycerides to mono/diglycerides. By employing the two different enzymes, the 
amounts of the different hydrolyzed components, particularly the mono/diglycerides, in the 
final product can be controlled. The process is carried out under conditions, such as 
described below, effective to inhibit transesterification of hydrolyzed phospholipids with 
released fatty acids. 

[0049] As described further below, the reaction, when carried out in aqueous 
solvent, advantageously employs a phospholipase enzyme in a first stage, and the lipase 
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enzyme in a later stage. Reaction in organic solvent can employ both enzymes 
sequentially or simultaneously. Such reaction can be perfonned directly on a retentate 
from a membrane degumming process, as described further below. 

[0050] Reaction of lipases and phospholipases with their substrates is known to 
occur at a lipid-water interface (e.g. L. Brady etal., Nature 343:767, 1990); accordingly, the 
reaction can be carried out on lipid substrates in water (aqueous medium), where the 
substrates are generally present in the form of aggregates such as micelles or vesicles. An 
"aqueous medium", as used herein, refers to a solvent medium containing water and at 
most 10%, more preferably at most 5%, of another water-miscible solvent. Preferably, the 
aqueous medium does not contain another water-miscible solvent. 

[0051] The reaction can also be carried out in an organic solvent medium. As 
used herein, the term "organic solvent medium" refers to an organic solvent, preferably an 
aprotic solvent (i.e. not an alcohol or amine), but it is understood that the reaction medium 
includes sufTicient water content for hydrolysis to occur. Preferably, the water content is at 
a level effective to promote hydrolysis and minimize transesterification.' This water may be 
added to the reaction medium, e.g. by using a water saturated solvent, or it may be 
provided by entrapped or residual water in the lecithin starting material. 

[0052] A. Reaction in Aqueous Medium 

[0053] In one embodiment, the process is carried out in an aqueous medium, as 
defined above. The starting material for such a reaction may be a crude lecithin material 
obtained from water degumming of soybean oil. However, any lecithin starting material, 
including lecithin obtained from a membrane degumming process, as described below, can 
be used in aqueous medium. 

[0054] When the process is carried out in an aqueous medium, reaction of the 
lipase to selectively hydrolyze triglycerides can lead to a large increase in the viscosity of 
the medium. Accordingly, when the two-enzyme process is carried out in an aqueous 
medium, it is preferable that the lecithin starting material is first contacted with the 
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phospholipase (or phospholipid reactive lipase) enzyme, and, after sufficient time for 
reaction and, optionally, recovery of an intermediate product, subsequently contacted with 
the (triglyceride selective) lipase enzyme. Examples of such processes are provided 
below. 

[0055] The two-enzyme process is carried out under conditions effective to inhibit 
transesterification of the hydrolyzed phospholipid with released fatty acids. For example, a 
salt or weak base may be added to the reaction mixture to sequester the released fatty 
acids. Such a salt may be, for example, excess calcium chloride. Calcium chloride is 
routinely included as an ionic activator in reactions employing phospholipases. 

[0056] Alternatively or in addition, the reaction may be carried out in the presence 
of a membrane having a composition and pore size effective to remove fatty acids from the 
reaction mixture. 

[0057] As discussed further below, the enzymes may be immobilized, which 
facilitates their removal from the reaction mixture. Alternatively, enzymes that are not 
immobilized are inactivated at the completion of reaction, e.g by heat treatment. 

[0058] B. Reaction in Organic Solvent 

[0059] The process may also be carried out in an organic solvent medium, 
preferably an aprotic solvent, containing sufficient water for hydrolysis to take place, and 
preferably sufficient water to promote hydrolysis and inhibit transesterification. The starting 
material lecithin is provided in the organic solvent. In one embodiment, the process is 
carried out on a retentate obtained in membrane degumming of soybean oil. The 
retentate, as described, for example, in U.S. Patent No. 6,207,209 and related US Appn. 
No. 2003/0072856, both to Jirjis et aL, contains the majority of the phospholipids present in 
the preprocessed oil, since these compounds form large aggregates in the hydrocarbon 
solvent which do not penetrate the membrane pores. The retentate also contains a 
significant fraction of triglycerides. 
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[0060] The organic solvent can be any solvent which is inert to the reaction 
conditions, including, for example, low molecular weight esters or ketones, halogenated 
hydrocarbons, or, preferably, hydrocarbons. Preferred hydrocarbon solvents include 
alkanes, cycloalkanes, and simple aromatic hydrocarbons, e.g., benzene and its homologs 
containing alkyi substituents having up to four carbon atoms. Exemplary hydrocarbons 
include benzene, toluene, xylenes, Ca-Ce cycloalkanes, Cs-Cs alkanes, mixtures thereof, 
e.g. petroleum ether, and Cs-Cs alkenes. 

When the two-enzyme process is carried out in an organic solvent, the first and second 
enzymes may be added sequentially, as described above, with optional isolation of the 
intermediate lecithin product before addition of the second enzyme. Alternatively, when an 
organic solvent medium is used, the first and second enzymes may be added 
simultaneously. Examples of both types of reactions are provided below. 

[0061] The two-enzyme process is carried out under conditions effective to inhibit 
transesterification of hydrolyzed phospholipid with released fatty acids. Preferably, the 
water content of the reaction is effective to promote hydrolysis over transesterification. In 
addition, a salt or weak base may be added to the reaction mixture to sequester the 
released fatty acids. Such a salt may be, for example, excess calcium chloride. Calcium 
chloride is routinely included as an ionic activator in reactions employing phospholipases. 

[0062] The process can be carried out, particularly when done in an organic 
solvent, in the presence of a membrane effective to separate the lecithin product 
components, e.g. phospholipids, hydrolyzed phospholipids, triglycerides, monoglycerides, 
and diglycerides, from released fatty acids. A suitable membrane composition, pore size, 
and operating pressure can be selected, according to methods known in the art, to allow 
the free fatty acids to selectively pass through the membrane. 

[0063] Again, as discussed further below, the enzymes may be immobilized, which 
facilitates their removal from the reaction mixture. Non-immobilized enzymes are 
deactivated following completion of the reaction, typically by heating. 
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[0064] II. Enzymes 

[0065] A. Phospholipases 

[0066] As described above, the methods of the Invention may employ a 
phospholipase to hydrolyze phospholipids in the starting material. Phospholipases are 
categorized as A1 , A2, C, and D on the basis of which bond in a phospholipid is hydrolyzed 
by the enzyme, as indicated below. The present process typically employs phospholipase 
A1 (EC 3.1.1.32) and/or A2, preferably phospholipase A2 (EC 3.1.1.4), which produces 
lysophosphollpids by removal of an acyl side chain. In some embodiments, a 
phospholipase D (EC 3.1.4.4) may be used, alone or in combination with phospholipase A1 
or A2, to provide phosphatidic acids and/or lysophosphatidic acids. 
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[0067] C 

[0068] Hydrolysis of lecithins with phospholipases alone is well known In the art. 
See, for example, GB Patent No. 1215868 (1970), which describes a conventional process 
in which lecithin Is reacted with phospholipase A2 in aqueous emulsion, in the presence of 
calcium ions, to provide lysolecithin. Purification includes extraction with acetone, which 
removes acetone soluble materials such as fatty acids and glycerides. Hirai et al. (U.S. 
Patent No. 5,955,327) describes reaction of hydrated lecithin with phospholipase Al or A2 
in aqueous medium, followed by partitioning with acetone to isolate the lysolecithin product. 
Yesair (U.S. Patent No. 5,716,814) describes a process In which a mixture of phosphatidyl 
choline and a monoglyceride are reacted with phospholipase A2, to yield a 
lysophospholipid-monoglyceride-fatty acid composition. 
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[0069] Phospholipase enzymes are readily available commercially, e.g. Lecitase 
(phospholipase A2) as provided by Novo Nordisk and phospholipase A1 as provided by 
Sankyo Pharma. In selected embodiments, as described further below, phospholipase D is 
used alone or in combination with phospholipase A1 or A2, preferably A2, to produce 
hydrolyzed lecithin products having a phosphatidic acid or lysophosphatidic acid 
component. It may also be used in combination with an alcohol selected from 
ethanolamine, serine, and inositol, to increase, respectively, the RE, PS, or PI content of 
the lecithin product. Examples of such processes are provided below. 

[0070] B. Lipases 

[0071] Many different lipases (also referred to as triacylglycerol hydrolases; EC 
3.1.1.3), obtained from animal, plant, or microbial sources, are known and/or commercially 
available, often in immobilized form. These enzymes can vary widely in selectivity; that is, 
in the degree of lipase activity, phospholipase activity, and/or esterase activity exhibited by 
a particular enzyme preparation. 

[0072] Information regarding activity of a commercial lipase preparation will often 
be provided by the manufacturer. In general, however, enzyme activity and selectivity can 
vary with reaction conditions, e.g. whether the reaction is done in organic or aqueous 
medium, whether the enzyme is immobilized, etc., and with the purity of the particular 
preparation. Other parameters than can affect reactivity and selectivity of an enzyme 
include pH, substrate concentration, and solvent polarity (see e.g. Haas etal., 1995, 1994; 
cited above). 

[0073] The activity of a particular enzyme preparation with respect to different 
substrates, such as phospholipids and triglycerides, can be evaluated empirically for a 
given set of reaction conditions, if desired, using methods known in the art. For example, 
A. Mustrata et aL (cited above) determined the degree of hydrolysis of soy phosphatidyl 
choline (i.e., phospholipase activity) for each of various lipases and phospholipases, in 
aqueous emulsion, by titration of released fatty acids produced by 30 minutes of reaction. 
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Similar reaction with olive oil was used to determine lipase activity. In this report, an A, 
n/ger lipase and a P. cyclopium lipase both showed significant phospholipase activity, 
though lipase activity was higher, particularly for the A. niger lipase. The report also found 
the phospholipase A2 preparations to be much more phospholipase selective than the 
phospholipase A1 preparations. 

[0074] M. Haas et ai (1995, cited above) detenmined the degree of hydrolysis of 
phospholipids and triglycerides, separately and in mixtures, by each of three lipases and 
one phospholipase, each commercially available in immobilized form. Degree of hydrolysis 
was determined by titration of released fatty acids and by HPLC analysis of the product 
lipid mixtures. Solvent medium (i.e. water or water-saturated hexane) was found to have a 
large effect on reactivity and selectivity in this report. For example, lipases from R. miehei 
and C. rugosa were much more reactive towards triglycerides than towards phospholipids 
in both solvent media, and a third lipase, from C. antarctica, showed similar selectivity to R. 
miehei in water but was unreactive in hexane. The phospholipase (Amano phospholipase 
B) was unreactive in water and hydrolyzed only the phospholipids in hexane. 

[0075] In another analysis, F. Hara et al. (cited above) detemriined the degree of 
hydrolysis of phosphatidyl choline by various lipases in a reverse micellar system over 24 
hrs and over 48 hrs. The degree of hydrolysis, determined by chromatographic analysis, 
varied from 0 to 100% for the lipases tested. For example, under the reaction conditions 
described, lipases derived from M.javanicus (Lipase M10, Amano Pharmaceuticals), M. 
miehei (Lipozyme IM20, Novo Nordisk), and hog pancreas (Pancreatin F, Amano) gave 
100% hydrolysis of phosphatidyl choline; lipases derived from Rhizopus sp. (Lipase F, 
Amano) and R cfe/emar (Newlase F, Amano) gave about 35-45% hydrolysis; and lipases 
derived from A. niger {Lipase A6, Amano) and C. cylindrica (Lipase AY30, Amano) gave 
little or no hydrolysis. 

[0076] As shown in the above-cited articles and others in the field, lipases often 
exhibit significant phospholipase activity. Such enzymes, which may be referred to as 
"phospholipid reactive" lipases herein, may be used as the first enzyme in the two-enzyme 
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processes described herein. A lipase which is "phospholipid reactive" may be defined as 
one which, under suitable reaction conditions such as those set forth in the exemplary 
reactions below, is effective to hydrolyze at least 25%, more preferably at least 50%, of 
phospholipids present in the reaction. Such reaction conditions may include reaction in an 
aqueous medium, employing 0.001 to 0.2% enzyme based on 60% Al (acetone 
insolubles), at about 40-60°C for 4 to 24 hours, or reaction in an organic solvent, employing 
the same level of enzyme, at about 20-60°C for 1 to 24 hours, 

[0077] More typically, the first enzyme in the two-enzyme reaction is a 
phospholipase, and lipases are employed as the second enzyme in the two-enzyme 
processes described herein, or as the single enzyme in processes targeting selective 
hydrolysis of the triglyceride component of the lecithin starting material. For these 
purposes, preferred lipases can be defined as those which, under the given reaction 
conditions, are selective for lipase activity; that is, the degree of hydrolysis of acyl glycerols 
by the lipase is greater than the degree of hydrolysis of acyl phospholipids by the lipase. 
More preferably, the degree is about 5 times greater, most preferably about 25 or about 50 
times greater. Degree of hydrolysis may be defined as moles of fatty acid generated in a 
given reaction time under the specified conditions, and compared for reaction of the 
enzyme with a phospholipid vs. reaction with a triglyceride. 

[0078] As noted above, reaction conditions include, for example, solvent, state of 
enzyme (e.g. whether immobilized or not), temperature, pH, presence and concentration of 
ionic additives, and substrate concentration. 

[0079] C. Immobilization of Enzvmes 

[0080] The lipase and/or the phospholipase may be immobilized, for which various 
materials and methods are known in the art. Enzyme immobilization, in general, prolongs 
the useful life of the enzymes, simplifies purification of the products, and often enhances 
the catalytic activity of the enzyme. Materials onto which enzymes have been immobilized 
include silica, porous glass, Celite®, diatomaceous earth, ion exchange resins, and various 
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other polymeric substrates including polyamides, polypropylene, polyethylene glycol, 
polysaccharides such as cellulose and agarose, and alkyi modified agarose. Polymeric 
substrates may be provided, for example, in the form of membranes, hollow fibers, or 
beads. In one embodiment, a membrane used for separation of fatty acids in the reaction 
could also be used for immobilization of enzymes. Immobilization is frequently 
accomplished by simple adsorption but may include covalent attachment, e.g. to amino or 
aldehyde modified silica. 

[0081] Extensive descriptions of enzyme immobilization, including particular 
description of lipase and phospholipase immobilization, are available in the literature. A 
sampling of references includes K. Mosbach, ed., 1988; F.X. Malcata etai, 1990, 1992; 
V.M. Balcao etal., 1995; A.E. Ivanov etal., 1997; G.F. Bickerstaff, ed., 1997; Bastida etal., 
1998; R. Femandez-Lafuente etal., 1998; W. Cho etal., 1999; U.T. Bomscheuer etal., 
2002; M.V, Ramachandra et al., 2002; all cited above under "References". Enzymes are 
frequently provided commercially in immobilized form. 

[0082] III. Hvdrolvzed Lecithin Product 

[0083] The invention also provides a hydrolyzed lecithin product containing 
phospholipids and/or hydrolyzed phospholipids, monoglycerides, and diglycerides, and 
typically containing phospholipids and triglycerides. Preferably, the hydrolyzed lecithin 
product contains at least 15% by weight, and more preferably at least 30% by weight, 
mono/diglycerides. In various embodiments, the hydrolyzed lecithin product contains at 
least 1%, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, 
at least 35%, at least 40%, or at least 45% mono/diglycerides. In one embodiment, the 
hydrolyzed lecithin product contains about 30% to about 45% mono/diglycerides. The 
hydrolyzed phospholipids may include lysophospholiplds, phosphatide acid, and/or 
lysophosphatidic acid. Preferably, the hydrolyzed lecithin product contains a minimal 
amount, e.g. less than 5%, of transesterification products; that is, products of the reaction 
of said lysophospholiplds with released fatty acids. 
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[0084] According to the E322 labeling standard, "lecithins" are defined as 
"mixtures effractions of phospholipids which are obtained from animal or vegetable 
foodstuffs by physical processes"; they may also include "hydrolyzed substances which are 
obtained by the use of harmless and suitable enzymes". "Lecithins", according to this 
standard, must include at least 60% acetone insoluble substances and have an acid value 
of less than 35 mg KOH/gram, while "hydrolyzed lecithins" must include at least 56% 
acetone insoluble substances and have an acid value of less than 45 mg KOH/gram. 

[0085] The hydrolyzed lecithin product of the Invention is derived from a lecithin 
starting material, as described above, which contains mixtures of fractions of phospholipids 
which are obtained from animal or vegetable foodstuffs by physical processes. The lecithin 
starting material may be obtained, for example, from water degumming or membrane 
degumming of crude soybean oil. The lecithin starting material preferably meets the E322 
labeling standard for lecithin, in that it contains at least 60% acetone insoluble substances 
and has an acid value of less than 35 mg KOH/gram. Standard methods for detemiining 
these parameters are outlined below. 

[0086] The hydrolyzed lecithin product of the invention consists essentially of 
components of this lecithin starting material and hydrolyzed substances which are obtained 
from the lecithin starting material by the use of harmless and suitable enzymes, 
specifically, a lipase and, in most instances, a phospholipase, as described herein. By 
"consists essentially of is meant that the hydrolyzed lecithin product may contain, for 
example, water, but it does not contain lipid components other than the components and 
hydrolyzed substances specified above. It does not contain residual enzyme activity. The 
hydrolyzed lecithin product of the invention meets the standards of E322 for hydrolyzed 
lecithins, in that It includes at least 56% acetone insoluble substances and has an acid 
value of less than 45 mg KOH/gram. 

[0087] IV. Exemplarv Reactions 
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[0088] The following reactions are exemplary only and are not intended to limit the 
invention. 

[0089] As noted above, by employing two different enzymes, one, preferably a 
phospholipase, for hydrolysis of phospholipids, and a triglyceride selective lipase for 
hydrolysis of triglycerides, the amounts of the different hydrolyzed components, particularly 
mono/diglycerides, in the final product can be controlled. Reaction in aqueous solvent 
advantageously employs a phospholipase enzyme in a first stage, and a triglyceride- 
selective lipase enzyme in a later stage, due to increases in viscosity that can be expected 
during reaction with the lipase. Reaction in an organic solvent can employ both enzymes 
sequentially or simultaneously. 

[0090] Alternatively, a hydrolyzed lecithin product containing phospholipids and 
mono-diglycerides is obtained by treatment of the starting material with a triglyceride- 
selective lipase. 

[0091] A. Reaction in Aqueous Medium: Sequential Addition of Enzvmes 

[0092] A fluid lecithin having an acetone insoluble (Al) level of 55%-75% is 
combined with water, in an amount of 0.1 to 10%, preferably about 5-8% based on 60% 
Al, and phospholipase A2, in an amount of 0.001 to 0.2% based on 60% AL While the 
amount of enzyme used is dependent on the activity of the particular enzyme, a typical 
amount of Lecitase™ employed would be about 0.017%. If necessary, the pH is adjusted 
to a level favorable to the enzyme by adding Tris HCI, and CaCb is added to activate the 
enzyme. Excess CaCb may be used to efficiently sequester released fatty acids. Reaction 
is carried out at about 40-60°C for 4 to 24 hours. Drying provides a product containing 
lysolecithin, in an amount determined by reaction time and temperature and enzyme 
concentration. 

[0093] To this product is added a lipase, in an amount of 0.001 to 0.2% , 
preferably 0.1 to 0.2%, based on 60% Al. If necessary, the pH is adjusted to a level 
favorable to the enzyme by adding Tris HCI, and CaCb is added. Reaction is carried out at 
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about 40-60*0 for 4 to 24 hours. Drying provides a lecithin product containing lysolecithin 
and also containing mono/diglycerides, in an amount determined by reaction time and 
temperature and enzyme concentration. 

[0094] Preferably, the lipase concentration and other parameters are effective to 
produce a hydrolyzed lecithin product containing at least 1 5%, and more preferably at least 
30%, mono/diglycerides. 

[0095] B. Hydrolysis in Organic Solvent: Sequential Addition of Enzvmes 

[0096] A fluid lecithin obtained as the retentate from a membrane degumming 
process, as described, for example, in U.S. Patent No. 6,207,209, having an acetone 
insoluble (Al) level of 55%-80%, is combined with phospholipase A2, which may be 
immobilized, in an amount of 0.001 to 0.2%, based on 60% Al. If necessary, the pH is 
adjusted to a level favorable to the enzyme by adding Tris HCI, and CaCb is added to 
activate the enzyme. Excess CaCb may be used to efficiently sequester released fatty 
acids. Reaction is carried out at about 20-60°C for 1 to 24 hours. Immobilized enzyme is 
recovered, and drying provides a product containing lysolecithin, in an amount detennined 
by reaction time and temperature and enzyme concentration. 

[0097] To this product is added a lipase, which may be immobilized, in an amount 
of 0.001 to 0.2%, preferably 0.1 to 0.2%, based on 60% Al. If necessary, the pH is 
adjusted to a level favorable to the enzyme by adding Tris HCI, and CaCb is added. 
Reaction is earned out at about 20-60°C for 1 to 24 hours. Immobilized enzyme is 
recovered, and drying provides a lecithin product containing lysolecithin and also 
containing mono/diglycerides, in an amount determined by reaction time and temperature 
and enzyme concentration. 

[0098] In a preferred embodiment, the reaction Is carried out in the presence of a 
membrane having a composition and pore size effective to selectively remove fatty acids 
from the reaction mixture. 
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[0099] Preferably, the lipase concentration and other parameters are effective to 
produce a hydrolyzed lecithin product containing at least 1 5%, and more preferably at least 
30%, mono/diglycerides. 

[0100] C. Hydrolysis in Organic Solvent: Simultaneous Addition of 
Enzymes 

[0101] A fluid lecithin obtained as the retentate from a membrane degumming 
process, as described, for example, in U.S. Patent No. 6,207,209, having an acetone 
insoluble (Al) level of 55%-80%, is combined with phospholipase A2 and a triglyceride 
selective lipase, each of which may be immobilized, each in an amount of 0.001 to 0.2%, 
preferably 0.1 to 0.2% for the lipase, based on 60% Al. If necessary, the pH Is adjusted to 
a level favorable to the enzymes by adding Tris HCI, and CaCl2 is added. *Excess CaCb 
may be used to efficiently sequester released fatty acids.{?} Reaction Is carried out at 
about 20-60''C for 1 to 24 hours. In a preferred embodiment, the reaction is carried out in 
the presence of a membrane having a composition and pore size effective to selectively 
remove fatty acids from the reaction mixture. 

[0102] Immobilized enzyme is recovered, and drying provides a lecithin product 
containing lysolecithin and mono/diglycerides, each in an amount determined by reaction 
time and temperature and respective enzyme concentration. Preferably, the lipase 
concentration and other parameters are effective to produce a hydrolyzed lecithin product 
containing at least 15%, and more preferably at least 30%, mono/diglycerides. 

[0103] D. Reaction In Aqueous Medium: Sequential Addition of 
Phospholipase D and Lipase 

[01 04] A fluid lecithin having an acetone insoluble (Al) level of 55%-75% is 
combined with water. In an amount of 0.1 to 10% based on 60% Al, and phospholipase D, 
in an amount of 0.0001 to 0.5% based on 60% Al. If necessary, the pH is adjusted to a 
level favorable to the enzyme by adding Tris HCI, and CaCk is added to activate the 
enzyme. *Excess CaCb may be used to efficiently sequester released fatty acids. 
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Reaction is carried out at about 40-60°C for 4 to 24 hours. Drying provides a product 
containing phosphatidic acid, in an amount determined by reaction time and temperature 
and enzyme concentration. 

[0105] To this product is added a lipase, in an amount of 0.001 to 0.2%, preferably 
0.1 to 0.2%, based on 60% Al. If necessary, the pH is adjusted to a level favorable to the 
enzyme by adding Tris HCI, and CaCb is added. Reaction is carried out at about 40-60*'C 
for 4 to 24 hours. Drying provides a lecithin product containing phosphatidic acid and also 
containing mono/diglycerides, in an amount determined by reaction time and temperature 
and enzyme concentration. 

[0106] Preferably, the lipase concentration and other parameters are effective to 
produce a hydrolyzed lecithin product containing at least 15%, and more preferably at least 
30%, mono/diglycerides. 

[0107] E. Reaction in Aqueous Medium: Seouential Addition of 
Phospholipase D. Phosoholipase A2. and Lipase 

[0108] The first stage of the process described in D above is carried out to provide 
a product containing phosphatidic acid, in an amount determined by reaction time and 
temperature and enzyme concentration. 

[0109] To this product is added phospholipase A2, in an amount of 0.001 to 0.2%, 
based on 60% Al. If necessary, the pH is adjusted to a level favorable to the enzyme by 
adding Tris HCI, and CaCb is added. Reaction Is canried out at about 40-60°C for 4 to 24 
hours. Drying provides a lecithin product containing lysophospholipid, lysophosphatidic 
acid, and, optionally, phosphatidic acid, in amounts detemnined by reaction time and 
temperature and enzyme concentration. 

[01 10] To this product is added a lipase, in an amount of 0.001 to 0.2%, preferably 
0.1 to 0.2%, based on 60% Al. If necessary, the pH is adjusted to a level favorable to the 
enzyme by adding Tris HCI, and CaCIa is added. Reaction is carried out at about 40-60°C 
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for 4 to 24 hours. Drying provides a lecithin product containing lysophospholipid. 
lysophosphatidic acid, and, optionally, phosphatidic acid, and also containing 
mono/diglycerldes. in amounts determined by reaction time and temperature and enzyme 
concentration. 

[01 1 1] Preferably, the lipase concentration and other parameters are effective to 
produce a hydrolyzed lecithin product containing at least 15%, and more preferably at least 
30%, mono/diglycerldes. 

[01 12] In a variation of reactions employing phospholipase D, an alcohol selected 
from ethanolamine, L-serine, inositol, and a choline salt is included in the reaction mixture 
with phospholipase D, to vary the distribution of phospholipids (i.e. the PE/PS/PI/PC ratio) 
in the final product. 

[0113] F. Hvdrolvsis in Organic Solvent; Single Enzyme 

[01 14] A fluid lecithin obtained as the retentate from a membrane degurnming 
process, as described, for example, in U.S. Patent No. 6,207,209, having an acetone 
insoluble (Al) level of 55%-80%, is combined with a triglyceride selective lipase, which may 
be immobilized, in an amount of about 0.1 to 0.2% based on 60% Al. If necessary, the pH 
is adjusted to a level favorable to the enzyme by adding Tris HCI, and CaCl2 is added. 
Excess CaCb may be used to efficiently sequester released fatty acids. Reaction is carried 
out at about 20-60°C for 1 to 24 hours. In a preferred embodiment, the reaction is carried 
out in the presence of a membrane having a composition and pore size effective to 
selectively remove fatty acids from the reaction mixture. 

[01 15] Immobilized enzyme is recovered, and drying provides a lecithin product 
containing mono/diglycerldes, in an amount determined by reaction time and temperature 
and respective enzyme concentration. Preferably, the lipase concentration and other 
parameters are effective to produce a hydrolyzed lecithin product containing at least 15%, 
and more preferably at least 30%, mono/diglycerides. 
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